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A fli@bimwtigaticmhashen madeat theLsngleyPilotlessMr-
craftResearch SttilonatWallopsIsland}Va.~todeterminetheaero-
dynamicchuacterlstlcsofmodelsofatal12esstriagular-ulngairplane
Cmfigursticm.me resultsfkunthreeSuccessfulflighttestsarepre-
sentedfortheMachramiberrangebetweenO.~ and1.28.

Thedatashow@thatthemdelstendedtotuckundersllglrbly
~ thetransontcreglomThevsrilztionofliftcoefficientW1.th
angleofattackwaslinmxrwithinthersmgeofsnglestestedandthe
llft-cumeslopeIncreasedgraduallybetweenMachnumbersof0.88
d l.(x).

TheMnge+muentcoefficientsincreasedrapl~betweenMachnwn-
bers0.85sndl.~butshowedagradualdecreasedroveaI@& mmiber
of1.20.Elevaimreff$ctivmess decreased ~roxhddy 4opercent
~ * trsnsonic region.

The mdels exhfbited staticanddynandclongitudinalstdbsK*
thm@outthetestMachnudhrrsmgetiththecenterofgrswi~located
at20snd~percentmeanaem@nmlcdmrd.haero@mdc center
showed agrsdual retmtardnmvemnt ofIdmlrkqjpercentmm aem@mmic
chordinthetransonicregion.Allthemdelspossesseddirectional
stdbilitythmghmttheangle-of-attackandspeedrangesoftheflight
tests.

%upersedesrecentlydeclassifiedW ResearchMemrandum1,
19K)7,1950.

.—.. .-— .—. .— —. .— . —---



.

2 IurMm 3753

Ananalysisofthefl@ngqualitfesofa W-scalemnf@msMon
hasbeenmadefrcsutheWa obtainedfrcmthethreeflight-testmodels.
TheanalysisHcstes adegyeteelevator-comtrolfortrimtilevel
fll@ averthespeedrangeinvestigated.Throughthetrensdc range
Weretsandl,dtrtichmgewitha sltghttucldng-undertenkq. The
elewxkr-controleffectivenessinthesupersonicrangaIs~a to
dboutma-m themibsonlcvelue,althCnl@lsufficientCmkL’olforMsnau-
Verlngismaudbleaslllalcetedbythefacttktlooelevdxx deflection
tia-ce~~~mtii~ tiaMacbnmWrofl.2e&snelti-
tudeof402M)0feet.Theelevdorcmtrolforcesarehighandindicate
theneedofa Cou&ol-bmst_ aswellasthepowerrequiredofsuch
a system.Thedeqplngoftheshort-periodoscilMMonisadequated
sealevelandat40s000feet.

Themtionel AaxisoryCwlmittee forAermauticsisconductinga
W investlgsttomofrock.et-ppakamdelsofatallLesstrlmgulsx.
* ~~ c~at~ to-tie st~mlv andcontpl at
lowsupersmicendtrensontcspeeds.Resultsdbtainedfrmthesuccess:
fulfligbttestsoftbreemodelsServedasabaslsfortheenalysespm- ,,
Senteainthis~.

Forthefli@ttestsofthemdels2theprogrmforcontrolnwe-
men-tincludedsbqptpull-ups end push-downs with the elevms ptia
aselwators.Thepresentp- contdnstheresultsofaneneQslsof
* ~C CW=I=LStiCSE=* st~~w LI=XL*I=Smea
frmtheflighttestsofthetbreerocket-pr@elled3nodelsendenensl-
yslsofthefl@nggpslitiesofsuchsnslrplanelntheMachnuuiber
rangefrom09~to1.2.TheflyhgqpaUtlesarebasedm enassured
trlmgular-ulngairplanewithawingloadlngof27.3poundspersgpsre
footatsealevelandata 402000-fo9taltitude.Theccauputations-
basedontwocenter-of-grewi~positions)20and25percentoftheman
~c -*

-tire ofa short-periodosclll.sticm

veloci~of sound, ft/sec

lcmgitudinelaccelercmterreading}ft/sec2 ,.
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normalaccelercmwte 2rreadhg,ft/sec

transverseaccelerometerreadingsft/sec2

cyclesforshort-pertodof3cSllsMon+ dsqtoone-half
Szrplitude

chord-forcecoefficient,po6itlveinaforwarddlrectiq
‘%W1—.-
gsq >

totalwlge-muuentCoefficia

rateofchangeofMnge—nmnenbcoefficientwithangleof
attackjperdegree

rateofchangeofhtnge—nmuentcoefficiedwithelevator
deflection}perdegree

basichinge-nmwntcoefficlexrtatzeroangleofattacksnd
zeroelevatordeflection

liftmefficient$~ cosa-tCcsina

rateofchangeoflift
perdegree

rateofchangeoflift
fora constantangle

●

trimliftcoefficient

coefficieubwithangleof

coefficientwithelevator
ofattqck,perdegree

rateofchangeoftotslliftcoefficientbetween
conditionsorelevatordeflections,perdegree

pitcldng-mlledCoefficia

a-,

deflection

twutrlnl

basicuntrhmdPitchingakxnentcoefficientatzeroangleof
attackandzeroelevatordeflection

rateofchangeofpitching-wnentcoefficientwithelevator
deflectionforccustantangleofattack,perdegree

rateofchangeofpitding—nrmmtCoeffickntwithangleof
attackzperdegree
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pttching-lmmeat coefficientwithpita

nornual-forcecoefficient,~ g *

~ ~c -*, 2*19fi

dtataacebetweencenterofpressureofangle-of-attackvane
- Celrterofgravityoflmael,ft

rateofchangeofelewtordeflectiawithe@e ofattack
(duetoflexlbil.ltyofcontrol-) #

rateof&angeofpttching+mnentmefficlentwithIlft
coefficient

Stickforce,lb

accelerationduetogravi~,x.2ft/se#

_ mxuent,in-lb3‘htal_ pressure(eqs=(1)- (2)),
Il#sqf%

lnmentofinertiadboutpitchaxis,S1.-ftz

Comtemt

Machmmiber

massofnmdel,lb-se~/ft
periodofanoscillation,sec

free-streamstaticpressure,Ib/sqft

-c pressure,Z&~ ,lb/sqf%

.
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QvJR@ds nuniber,~

wingarea,6.25S~N

timetodemptoone-halfaqplitude,sec

timefromlaunching,sec

veloci~,ft~eec

weightof*1, D
.

6tlckmvement$in.
angleofattackcorrectedforflight-pathcurvatureand

=w@=velocity, @
mgle of attack as mamred

trim angleofatiack,deg

nondimnaionalrsteof change of an@eof&tadk

elevatordeflectionrateofchangeofangleofattackwith
betweentwotrimCcdltloul

controldeflectionmeaauedOinchordllnepareueltothe
- of-w (P@.tl=~~ =* * -)2 *

trim elevatordeflection, deg

Specific-?ltxtZ’etio(mue takenas1.40)

pitchangle,deg

mndlmemiakl. angularVelocltyofpitch

Th3coei.ty,81ug/ft-Bec

massde?ldtyofah, Slug+uft
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Stibscripts:

1,2 ccditionsbroughtaboutbychangeinelevatordeflection(see --

fu* 39)

a full-scaleai3@ane

m

Dotsuvera quanti~ representderimtinsofthegpanti~with
respecttotime.

.

MoDEcsAtmAPPARA!l?m

Thelmdelshadawingoftrimgusrp= formwith@ aweeQbackof
the~edge andanaspectratioof2.51,theprofileataUspamlse
statimsbeingm lUCA65(@-006.5section.x~ Ccultrolwas
mm bYa sue s~ of=~~-ti--see ~ “surfaces
onthewingcalledelevens. ~ -~ ~s
longituullalcontroland,intheassumedairplane,deflectingthemdif-
ferent- would@Ve~~ COdzrOl.h verticalfinOfthelllOddS .
wasoftrimgularplanformwitha leading-edgesweepbackof@.

A three-viewdrswingofthemodels&ad h thepresemtixxvesti@im
u

Isgivenlnfigurelmdthephysicalchm?aeteristicsofthelwdelEand
a full-scalerepresentativetaillesst~-- ~ - Pre-
sentedintdble1. Pbbgr@s ofoneofthemdelsEmesholnlinfigures2
and3. !QlemodelfuselageandCcqonents~ Construd=dofdllralrmln,
lusgnesiumCastirlgs,andmagnesiumskin.!rhefuelageconstrmtionwasof
thenmnocoquetypeditidedintothreesections.Thethreesectionswere
thenosesectimwhichheldthetekmters,thecentersectiomwhichheld
* W131gs,vel-bicalfin,ccaQressed-airsupply,andComtrol-actualmlg.
system,- thetailsectionwhichcontahedtherockebmtortibooster
at~.

!rhepllmedlmmlemtoftheelevmaCsuedfordbruptpul-upsand
push-downsoperathgata frequencyofdbout1 cyclein1.2secondsand
wasacccaqdlshedbya _essed-airsystemThecontrolS’mfaces,which
wereunsealed,nmvedtogetherbetweenstopsinan~elT SqYUUW-
WaveZlldiacl.Onmdel1thesurfacesweredeflecteddown5.3°andup5.3°3
Onmodelathedeflectionwasdownk.wedwk.~jandon IIwdeI.3the
deflectionwasdown1.1°andw 5020.ThecontrolswereinUperation
duringtheentireflight. .

.. . ..- ——. ..— --- ---—— — —- . . .—— .. -— ------- -
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thrustOf 6,500-pCmISfor~~ 3=1seconds.Therocld.
sustainerIwtorforthelmdelwasa 5-M solid-fuelMgh-veloci@#xLr-
craftrocketshortenedto17Indlesatlamaifiedtogheanamrage
tbmt3t0fgoo_f0rl.4t3t2*. Themab-sma
atwo-foldpurpose:(l)a.uringthepower-mlportionofwfliglrtit .
prevenkdimnedlatedeceleratimafterseparationandallowedthecon-
trolstooperateoneccm@decycleat~ly a comtantMach
nmher,and(2)itassuredapostthesqardimbetweenmdel~ bmster
atboosterburnout.Theswkiner-mtornozal.eservedasthepointof
attaclwntoftheboosterto”themdel. This@pa ofattachmentalso
allowedasepmatiomoftheboosterfranthemdellftheratioofdrag
toweightofthemdelandboosterwerefsxomble.

.
Thebooster+uodelcmib~ionwasgroundlaunchedfroma crwkh-

~launcher,asshow31inflgme4.The anglefrcnuthehori-
Scnltslforlnodellwas43%0’,forlmdel ‘,$Mlldformode13
was43%3’.WibleIIpresentsthewelglrtandbalancedataforthenmdels
andthefull-scalealrplme.Figure5 showsa sequenceofphotogr@M
ofonebooster+wdelconibinatlmattake-off.

ThedatafkoMthefll@swereobtainedbytheuseoftel.eawbers,cw
Dopplerveloc~ radar,@&ogm@yJ endradlosmdes.m ttihts-
toriesofthedatatithemdelstranrsedthelfachnuuberrangewere
transmittedandrecordedbyatebmter~tem whichgaveeiglrtchsmnels
of Informatlcm.* ddarecordedwerelongitudinalSnsverse,andstr
~ Ucdertitij ~ ~j C*1 ~Slttij @ Of attack;
tutalpressure;andareferencestaticpressureusedtod4emdnefree=
streamstattc~SSIU’e. Figure 6 showthetirumntatloncumqemd
m atypicalnmdel.Anglesofattackwereobtainedbyavane-typeangle.
of-atkckindicatorloctiedona stingsheadofthenoseofthemodel.
A descripticmofthisinditi canbefoundInreference1. Theangle-
of-attackrengeCoveredbytheindlcatorwiththeVSIMIOCated 011 the
=d=ltiof--w ~*mO* onlud2l3themgle-
Of-attackstingwasaefledxdduw?lloofrcunthecenterljneofthenmdel
inordertorecordhigherpositivevaluesofangleofattack.Figure7
showsa@otOgr@ ofmde13eq@pedwiththedeflectedsting.Fixed
wide-anglecamerasandl&uMmter motion-picturecallErasrecorded
thelaumMlgs● TheIwtioR1-p@turecamerasalsotrackedthefllghts.

.
=T TEOMCII~

Thelmaelswereaistu%edinpitaby-theEibruptlnmemmtofelewons
operatedaselevatmsatpresettb internalsuhidhgem anappmxbately
Sgysre-wawe@pa ofelevdornuticm.- ties-a ~c coefficie?xts
andlongttuunal-stdb~~derivativeswareobtatnedbyanalysisofthe
hingenmuents,angleof*ack,andaccelertilonresponsesresultingfroIu
thesecyclicdisturbances.

. .. . ..—- ____ —— ——- ——.. — — ---— —— --- . - .-
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- ~c ~~-s, -mm --t~-~, -’ fw.w-ti- w-~~ h WS PEE=W- reduced.- themad flight
data.SpecificationsforesM.sfe&oryfl@nggpelitiesbasedonndllitary
re~ smdthoseofreference2havebeenusedinthisauilysls.
Inamuchasthesespecificationsarerestrictedtosdlmmicspeedsand
thecumentrangeoflnterestistithetransmic Weedrange,m
detailedstep-~-step~on withthesespecificationshasbeen
attempted.-s 8,9,andI.Oare@ptcaIportionsofthere~a
timehistoriesatlowsupersonic,trmsonic,andhighEnit)sonicveloci-
ties.The~lons ins-&iblli@and.controleffectivenessthrough
thelkchnunb~testreagecanbeseentitheseflguresby~
theperlm andEulQld.tuaesof%heShort-periodlongltu&laloscillations,
A tiSCUSSi~ofthemdhds usedh reducingthesedataf’rauthetti-
MstorgrecoraatothepEuanEterspresenh?ld.inthispaperisgivenin
theSppenux.TheR~nuuiber ti theMachIIUlbE?l?rEUl&M30fthe
nmdelsandoftherepresentativefull-scaleairplaneareshowninfigcre11.

REWUl?SMD MBCCR3SIQN

~c coefficientsandStfmmtyDerivetims
&

. .

ELft.-Theliftdatarepresentedinthefcmndllfbcmm
slope—% forVexiousMachnunibers(fig.12)asObtainedframtwo

““

mcaelsofthesameCmfl@mtion butIlfmngalfferemtCenter-of-gravl.ty
locsrtions&madifferentweights.Therengeofangleofattackinwhich
&h wereconsideredfm M ~ %G ”*”” Thelm coeffi-
cientMed linearly withamgle ofattackinthisrange.Asindicated
infigure=,

% lnmeased~tely 25percentfrauthelowest
testMachnmiber(M= 0.88)toaMachmmiberof1.00smdthendecreased
qprofximatdylqpercentfrcmM=l.00 to M=l.20. TheImreasein
M-curveslcptigoingthroughthetrmsonicregianwaswiaentfor,
bathmdels.Ui@ilisheddataobtainedfrcsuwind-tunneltestsofa
slndlarmdelforbothbl@ stisonicandlowsupersonicvelocitieshave
ShObeen@tied inf’i@ra~.

!lw3nwet Coefficient. - Thevariation oftnhllm coefficient
% h

withMa& nuuiberatdifferentelevskordeflectionsformdel1 Is*
infigure13(a)andfbrmdels2 and3,infigureU(b).Differentele-
vatorsettingsfornmdels2 and3 cmfimwdtheassuluptionthat

%*
“

vm.-ledLtneemlywitheleve-deflection.!i!heeeplatsskwanhherent 1

I

——. —--. — .— .__. — — — . . ——. ______ . ... _ -. .—.



z
w m 3753 9

.

ChMwmalsticofthe- Cmfiguratlollto trh & negatllm? liftcoef-
ficientsbetween~ nunibersof0.90and1.080Zhlswasduetoabasic
Utrlmledpltchdng-lmuentCoefflclent~ fortheatrpkled zero

‘ angleofattackandzeroelevatordeflection.Figure14showsaplot
of

%
asafunctionoflbchnuuiber.Theasymetryofthemdelcon-

figurdlond.uetothevertlcaltdlsndtheupsweptre~ofthebdy
wouldIndicatean~cted posltlve~ whichwasnotInaccordwith
testresults.Thisnegativetrendoffigure14,
withthedataofreference3.

however$doesagree

Chfmgeof trimllftCoefflclentWithrcspeCtto elevatoraeflectlon.-
Therateofchangeintrimliftcoefficiedwithraspedtoelevdor
deflection isshownasafunctlonoflfachnuiberinfigure15

forlmdels1,2,and3. Aswouldbe~cted, thevaluesof

formdellw iththecenterofgrati@at25percentmeanaero@ynsmlc
Chordwerelmgerthathoseofmodel.s2Emd3uiththeceIrterofgrmity
at20percentmesnaero@mdcdhord.WithintheMa& IuRtit)errmge
Comredbythetests,~. remainedfairlyCoIIBttiupto M = 0.86

atwhich
between
occurred

pointm dbruptredncticm frcmO.cvglto O.wgoccurred
M = 0.86andM =1.00.A furtherdecreaseftwu0.02gto0.015
in G- betweenM=l.00 andM=l.28.

E1.nj?e+ncmentCoefficients.-!cheImri?stions ofhinge~ coeffi-
cientswithangleofattackandwithelevatordeflection~ bothplotted
asfunctionsofw nuniberinfigure16.Theaatapointsshounarefor
lmdelslmd3.ThetheoreticalporesShuwnonthepldwereCalXukted
foraconstant-chord~ial-spancontrolsurfacemathin~
wingasdescribedinreference4.

C&lClddionsweremadetoaeterndnetheeffectofeleveninertia
cmthehinge—munentcoefficitis.An~aue caseshowedthemagnitude
oftheerrortobenegligible.Therefore,nosuchComectionwasapplied
tothedata.Comectims~ qpplleatoellndnatetheeffectofphase
lsgbetweenthehlnge+ument coefficientandangle-of-attackcurvesand
theeffectofoscillationsinelevendeflectimduetoangle——a%tack
-s- -~ coefficientsplottedasfunctimsofangleof
atiackata constantMachmniberindicatedthatthevm=iatimwasldnear
Intherangecoveredbythetests(a=&).

Figure16showthat% *ases!,
to-0.024at M =1.20.A corresponding

ft’cm-0.008d M = 0.85

increasefrom-0.01,5to-0.037

----. — --—— — —— — ..- ___
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Issho’wnfor % b~ M =0.85andM =1.05.BOthcurvesindi-
catea gradualdecreaseintbstow~ersonlcregion.

The-U Of thebasicm+mnemt coefficientatzeroangleof ●

e attackandelevatordeflection
% isslmmasafunctionofM3chnum-

berinfigure17.!l%ebasichinge—mcmemtCoefficient
%

Showsa
reversalfkvxnpositivetonegdivevaluesat M =0.g5andatendency
Inthelowsupersonicregtontoreturntopositivevalues.The~
tionofhinge-mmentcoefficlexrtwithelevatordeflectionwasassured

**tobelinearinthesoluttonof %“

Ccmtroleffectiveness.-A~sti.c oftheelevatorusedm
themdelscanbe.seenlnthepltiofchangefiliftcoefflcientpsr
degreeofelevatordeflection% asafunctionofMachnuniber(fig.18)●
ThepEuameter‘%reedesatitiofo.- ata_ nuniberof0.96

ad decreasestoavalueof0.010at M =1.17,areductiauofabout
55Percm~ tlubspeedrange.Valuesof % ewec~a in

.

reference3 andshowgood~eemnt withtheflight-testvaluesobtained
h thehighsubsonicandlowsupersonicregions. <

~ -e ~S oflcw@~ codroleffectivenessforthis
cafigwatlon-dmwninflgures19d20, chmgeintrimangleof ,

attackperdegreeofelevatordeflection
()
& ,andchangetimm

pitching-mcxmrtcoefflci&tperdegreeofelevatordefldctlon,%
bathshownasfunctionsofM nmiber.Thesetwoplcrbsindtcxtean
sbr@ kwreaseh controleffectlmnessoftheelevenbetweenM =0.90
andM“l.oo. TbiSmdlldionisoftheorderof25percentfor

%
and35percentfor

(L
& . 10mveaMachmmiberof1.00thecurves

Indltiaftmther& decreaseinlongitudinalcontroleffective-
nessto M =l.a,thehighestldachnlmiberre-bythefllghttests
(-O.015at M = 0.9smd-0.00gat M =1.28).Valuesof were

%
deterndmdfortheangle-of-attackrangebetween100and-8°.

‘ Theeffectofcenter-of-gravl~locatlonIs~ Inbothplats
bytherelativealsplacemmtofresultsobtainedfrommdel1withthe
centerofgravi** a perceIrtmean~cdhord l!mdfl’cnllluodels2
alla3ul.ththecentarofgratityti20perceIltmeatl~c -. “
!lllelmrere~lodion oftheCenterof tyreauceathevalue
of % (T

EUldincreasedthemgnltuaeof$&tim

● ✎✍ ---- ____ _____ .



.

#

“lvAcAm 3753

..-.

la.

Io31gitudinalt3ixibility.-whentheControlssrelwvedupanddownill
a sqpsxe-wavetypeof mtion,correspondhgchangwareproducedin angle “
ofattackandnormalaccelembian.!l@dxibili~oftheconfiguration
isindicatedbytheperiodandtherated @e~ oftheshort-periodlm-
gltudlxldoscillationwhenthecontrolssxeheldfixedbetween@ses.

mevalues oftheperiodoftheShort-periodoscillationInducedby
thisdbruptcontrolmvementasdeterminedfromthetime-historyrecords
arepre8eukdlnfigure21toshowthevariaticmoftheperiodwithMach
nunberforthemdels.Theperioddecreased,a slxibiltlvincreasebeing
Indicated,f’rcmaMachnmiberofO.~,thelowertestlimlt,toqpprox-
-~w M “O.*. Abmthisspeedtheperl~cmtinuedtodecrease
btiatamuchmoregrs&A.rateupto M=l.~, theupperlimitofthe
speedrangecuveredbytheflighttests.Theperiodformdellwas
gresixc?thanthatforlmdels2and 3t&ou@mt itstestrangeaswould
beqcted sincethecenkrofgrsxl~ofmdellwas5percentofthe
=3~ C chordbehindthecenter-of-@.’avt@lo-ionfor~ 2

.

mestatic-lmlgitudinal-st&ibm@paraluderhthe formofthedlange
inpitchingaxuentcoefficientwithrespecttoa clymge in angle of
attack& Isshownasafbnctimofhlachmnikrinflgure22for~
VShES betweenti.m.Thedeterminatimof ~ inmlvedtheuseof
theperiod oftheshort-periodoscillatlmsasa~ factor.The
valueof (& ~edfrauaminimnn of-O.~at M= 0.%5toa
msximmof-O.0162atM=l.15 formdels2and3wLththe~ of
gravityat~ percentmeanUmdynmtcehordoAnim?’esttgsticmofthe
chmgeIn C& duetoa 5-percentchangeincenter-of-gravitylocahlcm
showsthat(& formdellislowerthanuwuldbe~ctedfMxn am-
parimrlwithlmdels2 lwld3. Dstacmmmingtheevalwxbionof(&
Wereca?efuuyrecheckedandtherewereindications the$t theSeenb@ylow
valuesof ~ wereduetoaccuunilatlveerrorsUltldntheaccuracyof
detemdningthephysicalcharactexkticsusedtocalcuhbethisp~.

-e 23,aplotOf aerdymdc-cellter positionSgalnstMachZIUlliber,
alsoindicatestheVaristlonofthestaticlongitudinalStlibil.i*.The
aem@lmiccenterlnoved~ grduaUyfrcunandninnmof42percentof
-~=~c=~a=-= ~o*&toa~@
54percentofthe~aem@nmicchordataMachmm&rof1015.~
aerdymdc-centerpositionsfornde!l1,howevc@;were+rcentof

-~=~c--of-s 2-3* ~-f~
aerof3ynamic-centerlocstimsfw mdel1werearesultof* lowvalues
of ~ obtainedforthis_. !l!hlsdifference,howelmr~iswithin
theaccuracyofaemqmmdc-cexrkrlocation usuallyobtainedfk’cmflight
andwind-tunneldrxta.

---- . . ..— .— .— -—-. -.— —
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threepammdersdiscussedintheprecedingparagraphs(period, “
~c-center ~sition)Shuuthatthestaticloxlgitwlhlal

stabil.i*ofthisCmf@lrationincreasedthrou@thetrmsonicregion ,
fromanrlnlmmvsluee$tdxxrtM= O.82toamaximnnvalueat M =1.15.

A qualitativeeval-ionofthe@nadc stdbilitymsvbemadeby
inspectionofthedan@ngoftheshort-periodosciJhticnlinducedby
theEibr@controlnmmnemt.m- ~ repre~ bytheparm-
- T1/2Jthetimerewixedto- toone-halfslqplitude,andIspre-
sentedlnfigure24asitve@eswlthMachmmiber.sincethefllght-
testmdelswerenut_c-scdle *s, theresultspresentedinfig-
ure24- a@licdbletothefull-scalealrpkneonlyaftercorrectlms
eres@Lied.Modeks2snd3withthecenterof_ty at20percent
meanaerodynamicchmdshuuednnmerapiddmqing~erbics than
lmdellwtthits”centerofgrlwi*at25pmeXltlUeanaer@mmlcchord.

-ttimafti ~~+~,whichisameasure ofthe

-c S*XU.* oftheCmfigu%%
E

ionexpressedmnddnmsimally,is
presededinflgure25asafunctionoflfachnmikr.Modellwiththe
mre re~ centar-of-gremityIo-lanindiwxtedlesstendenqtodaq
thm@outthefllght-@stspeedrangetibmdtdmdels2and3. ,,

ItwtllbenotedthatthereIsconsider~lesc-erb - da@ng
ma. This@pa ofscattermEWalsobeaqectedforfull-scaleairplane .
ConaltionsInasmchasthepres-datawereobtainedinfreefllgktand
&Uthe~ cfactorstkt affectdmqpingwereproperlyintegrated
intothemotionofthemodels.

Itbxxtiondstdbiu*o-onlymdelslarld2wereiIwtruwntedto
obtaintranmerseacceleratims.Modd2 qpamntWhadScmedirectional
asymdxythstcauseditto developa smallpositivesideforcetbro@h-
uutthefliglrt.- effectSpprdm&elydolibled* Machnulibers
bduwO.gO.Model1 dldnutexhibitmy suchconsistentside-force
vsi3.aMon,theSideforcesonlmdel1 resultingfrcauanoccasionaldis-
tuibame.Neithermdelshoweddlmrgencenorcontinuousoscillations;
thus,positivedirecttcxlalStdbilitywasindtcs&d.

- @sU.ties
nmgitudinsl- ChsZacteridics.-Thelongltudbal.trimcharac-

teristicsoftheCmfi@rationareasfollows:

!lkbuangleofattack:l!heangleofattackfor~dlevel flight .
requiredforthismddgmatianispresentedasafunctiomofMachnum-
berinfigure26. C!mveSSre* forCenter-of-grawitylo-ionsSt
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2olmd25percGdoftheBleanaermiyrmnicchordforbothsea-levelflight
andfllghttianaltitudeof40,000feet.Thetrima@.eofattackshows
a consistentmalldecreasewithincreqslngspeedexceptintheregtcm
bma M = 0.90andM =0.95.

Controlposition fortrim:Thecharacteristicsoftheelevekn?
Controlinlevelflightmpresenkdinfigureqhthefozluofthe
variationoftheelevatorposltlmrequhzilfortrimwithMachmniber.
control-positiontrimchangeisnmifestedbetweenalfachmniberof0.87
and0.95atsealeveland40,CXMfeet.m control-positiontrimchange
Isafunctionof~iom ofout-of-trimpitchingnmnezhwithMachnm-
ber,changeincontroleffectlvemks,andmvenwntoftheneutralpoint.
Theresultantchangeintrim,atucking-undertendency,sppearstobeof
mderatemagnitude.Forccmuple,d k0,000feetanmclmnnUp-eleva%or
angleofdkut5°isrequiredfortrimataMachnmiberofO.~.

. Anevaluation of the Sttck-ffxedmsaemmrpohrtintheldachmmiber

raagebetween0.80andl.20indicatedthatthepxbtiswellbehindthe
mst rearwardcenter-of-gravitypositionSlldtheregyiremdsfor~-
veringstsbtlity- met.

-s * to31presentthecontrolposititirequiredformaneu-
veringatvm?iousaccelerationsasfunctionsofMachzumber.Hgures28
and29arecurvesforsealeveland40,000feet,respectively,withthe .
centerofgravi@locatedat~ percentmeanaerdpmdcchord.Hg--
uresx and31aresMo curvesforsealeveland40,000feet,respec-
tively,butwiththecenterofgrsxttylocatedat20percedmeanaero-
_c*o --les-**-tat altachnuihr
of1.20anup-elevdmrdeflectiaof10°wouldpmoduce~ normalacmSl-
erations%40,000feetwl.ththecenterofgrexityloca=at~ percent
~~ ~c =*

-~ comtrolforces:Theelevatorcontrolforcerequired
fortriminstrai@tandlevelflightat~ousldac hnuvibersispre-
sentedinfigurezf orsea-levelfllghtar4dinfigme33forflight
at40,000feet.!l?hestickforcepergispreseukdinflgure~asa
functionofMachnmikr.Thestickforcesarebasedona cavembimsl
aiqplaneconfigwatiomwith* ofelevatordeflectionfor1 inchof
stickmvement. Therefore,thesedatahdicatethepowerreqplredofa
control-boostsystemwithnobalanclngandtrimdng~ces. Farexam-
ple,wtththecenterofgrawi@at~ percentmean~c-= ~
aMachnmbrofl.20thestickforcepergbasedonmeamred
lmnelltsisdkutgoopounasperg.

The-Mire ofelevatorcontrolforoefortrhwithMachnunber
(fig.32)indtcatedthatpullforceswererequiredatallspeedsbelow
thetrimspeedsadpushforceswererequiredatallspeeds~ovethetrim
speedwithintherangeofMachnunbersfrom0.95to1.20.!Cheopposite.

,

.- —-... -— .— - —— ... ..—
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istrueforMachuumbersfrcun0.80to0.95,buttheelevatormglefor
triminthisrsngeofMachmmiberticreaseawithincreasingMachmmiber.
Thus,thesttckforcewouldbeinthecorrectsensewithrespecttostick
wv* thro@mtthetransonicregion.

,

Theelemtor hiage—wmentdatadbhinedfornunld1 indicatee
force‘reversalathighanglesof-tack(aZ 15°)d Machnuuibers
below0.90.Model2,tichflewetanglesofattackof&i&out70at
M= O.gO,didnOtshuwa_~ reversalbutdidbdicatehinge
lluuentsnearzero.

ImKitud3nslcmrtroleffectiveness.-ThevariationwithMachmmiber
ofthenornlelacceleration

()
&

pro&ced#erunitofelevatordeflection
~ ~m ispresezrtedh figure35.AtsealevelalergevsridionIn
elevatoreffectivenesswasqpparentfromsubsonictolowsupersonic
speedswithmtnimumeffectivenessoccurringataMachnuuberof1.06”for
-1 tiththe~.Of-gratity10catimat25percti~ aerOdyna-
micchordandataMachnudxrof0.g8formdels2and3withthe
center-of-gravitylocationat20percentmeanaerodymmicchord.Suffi.
cient control formaneuveringisavailebleasindicatedbythefactthat
10°elevatordeflectionwillproduce5gaccelerationataMachmmiber
of1.20at40,000feetwiththecenterofgravitylocatedat25percent ..

● ~ ~c -fi=

DynamicStabili ty .- The~stics ofthestick-~ short-
periodlongituditiosciuations- presented in -S 36to38fa a
full-scaleconfiguration.Militaryspecificationsforstability-and-
Control~stics ofdrplanesrequirethettheShm’t-period
dynelnicOscillatklzlof~ accelerationprumlcedw movingandquickly
releasirlg-wleelevatorabeulwsdeqpedtpl/2myydtudelnlcycle(based
onfreeconiawls).!Chedruqping~stics forthefull-scalecon-
figurationhavebeencwahlstedfortheCautrol-fixedconditional.tho’l@l
thereisa sllgbtoscillationInthecontrolpositionduetohinge-nmmxrt
etiectwhichisa~t h figures8to10._ s-controlcheuac-
teEtStiCS WOtiktprobablytictatethebehaviorOfthiSSir@UMSinCSit
wouldrequireS- kindOfCmtr~-bOOStsystemtotidthepilotinavar-
Cofningtheadmmelylargestickforces~ inuuleuwring.F’ig-
ure36,whichgivesthecycles reqdred to_ to1/2~~tude asa
functionofMachnuuiberatsealevelendata40,000-footaltitude,would
meetsuchareqUireUEntfoxbothconditions.

_ 37* thet- reqti fortheshort-periodosciutions
ofthefull-scehdrplanetodmuptohalf~~tudeasafunctionof

.- .._- .-
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Machnuniberat
m, T1/%

sealevelendkO,(X)Ofeet.Ascanbeseenflromthis
decreasesthroughthetmnscmlcregionandreachesa

relativelycmstan$valueataboutM =1.20.Periodasa fiumtionof
Machnuuiberisshownlnflgure38forsealevel.and40,000feet.Ilath
thetimetodemptohalfemplitudeandperiodindicateixmreas~sta-
billtyfortheconfigumtionwithincreasing14achnuniberinthetran-
SonicSmdM supersonicspeedrsmge.

Elm the resultsofa flightInvestigationmadetoevaluatethe
aerodynamiccharacteristicsandflyingqualitiesofmdelsofatailless
trlmgulm--wfnghlrplxmecafiguration,thefollmdng-al conclusions
areIndicatedfortheB@& mmiberrangebetweenO.~and1.28:

~c Cbraderistics

1. TheIlftcoefficientsvariedlinetd.y intheangle-of-attack
testrangeofti5°.Thellft-curveslqpe~ variedfkcm0.045ata
MachmmiberM ofO.88toamexlmm of0.055--ataMachnuuiberd 1.0
andthendecreasedto0.04nataMachnmiberof1.20.

2.Thehfnge-momentcoefficientperdegreeofangleofattack
increased200percentbetweenM=o.85 andM=l.20;~the
hfhge-mmentcoefficientperdegreeofplevatorshoweda correspandhg
rhe oflx percentbetweenM =0.85 andM = l.~. Bothofthese
waluesshoweda gradualdecreaseinthelowsupersonicregion.

3. m el~w effedi~ss decr=sedbyappmxfmtely40percent
&cmaMachnmiberof0.9to1.3. Forexample,withthecenterof
gravityat20percentmeanaerdynemicchord,therateofchangeof
pitching-Bmnentcoefficientwithelevatordeflecticm~ ataMach
mmiberof0.9was-0.015andataMachnuniberofl.=was-0.00g.

4. TheconfigurationteetedpossessedstaticlcmgltudinalStdbillty
thrm@outtheI&& nmiberrangecoveredby these flight tests.Z&
valueof ~ (rateofchangeofpitq—nmuemtcoefficientulthangle
ofattack)increasedfrcanandnimumat M =0.80toamaximmat M =1.15
withthecenterofgravityat20percentmeanaem@nmlc chord.

5.Z!heaemdymdccenternmvE@verygraduallyfranaminhumof
42percentofthemeanaero@nemicchordataMachmmhrofO.80toa
maximumof*percentoftllemeenaem@mmicchordatallachmmiber
of1.15.

.— -- .—-. ——.- .—— ----
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6. ThedampingpemmetersandCO&’fiCi~S indicatedthatthe~-
ztaaeesti @namiclongitudinalstsibilitythrmghmtthetest

.

7. Themdelsexhibiteddirectionalstabili~t&o@outthemgle-
of-attackmd speed-S ofthetests.

1.Thereis ample controlfortriminldvelflightatsealevelor
ataltltude.Atk0,000feetamaxbmmup-elevatormgleofabout5°is
rqyiredfortrimataM mmiberof0.96. !& transomtctrimchange,
atucking-undertendency,appesmstobemild.

2.I& elevatorcontrolremmlnseffecttvejnchmglmgltftorangle
ofattackavertheentirespeedrange.~ effectivenessoftheelevator
inchmgingangleofattack,however)iOreducedto&XXlthalfofIts
mihonicvalueatsupersonicspeeds.!l!hlschangeofeffectiveness
Oc-s ~=

3. Withthecenterofgravi~at25percentmean~c chord
thenormalacceleratiaprducedperdegreeelevatorcdeflectionissuch
thatdmut10°up-elevatirdeflectionisreq@redtoproducea 5gaccel-

.

erattonat40,0MlfeetataMachmmiberof1.2.The~~ stick
forcepergbasedonthemeasuredhingemmentsisdbutgOOpoundsperg, ‘
af’lgurewhichgivesantndlcatlonofthepowerrequiredofa control-
boostsystem.

4. Ace- toml~kryreq.ulrements,thedsnplngoftheshmt-
perlodlcmgitudinalos~tion isadequateoverthespeedrangefor
bathsea-levelconditionsandatanaltltudeofh0,000feet.

kngby hronauticdLdmratay,
.

HktionalAdvisoryCcamltteeforAeronautics,
LangleyMeld,Va.,Deceniber7, 1949.
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Machmmibero-!rhetotalpressuresobtainedfkcauthetaemeter
recordswerereducedtoMachnunberbyuseofthefolluwlngequatimm:

SLibsorllc:

Supersonic:

() ~
y+l~y-1

E 2-=
P

( )
%2-Z&
7+1 7+1

wherep, free-streanstaticpmessure,wasobtained

(1)

(2)

fmxuthereference
static-pressurerecordincon@nctionwithradiosondedata.MB 1
and3reachedammdmumaltitudeof4,000feetwhilenmdd2 a-tkfneda
maximumof4,700feet.TheDopplerveloclmeterra&&unttSermdasan
independentcheckoftheMachnuliberObtainedhyreductionofthetdal
andreferencestaticpres6ures.

Jhvf,leofattack.-Mnceangle-of-attackdataweremeasuedata
pdntScmedlstallceaheadofthecenter-of-gravitylocation,itwas
necessarytocorrectthesedataforfli@&~ curlratureZuldmlguUxc
vel.oci~asdemribedinreference1. Thefollowingeqqationwasused:

(3)

Cozltrol positltm. - Priortotheflighttestofeachmodela static
hinge-manentcaldbratlonofthecontrol-em wasconductedtodetermine
themuntoftwisttitwouldbeencounteredintheelevonsandcontrol
linksgeunderaerdymdcloads.Theelevunswereloadedattwospanwtse
stationsandreadingsweretakenatfivepointstomsaauretheamnnlt
oftwistordeflectioninduced.Control-posltiandatarecordedduring
flightwerecorrectedbythecalibrationobtainedfkomthestatictest.

- --. ———-—- _.——
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AnaJysi.sofAeromc Coefficleuts and

methodsofwlalysisusedhereinapplyto

IWcAm 3753

Derl.vatlves

thefreeosclXb3tion
reail.ting frana stepfunction distmdace.Thedistuz%ancewascreated
byanapproxhatelysqyare-wamtypeoftiionoftheelevatorsmnmd
dbruptlybcsl%eenltmttStqps.Thecc@letederivatlomdftheequattons
usedwillnutbegivenhereinbutthebasiceqpationsofmtlonsmeas
follows:

(4)

(5)

Illorderto.simplifytheeuua.ysistmdtopimlitthe ddxmdnatti

ofequatimlsforthe~ *O* ~c deriratlves,ammiberof
assum@lonsue neces~. rtisassumedthe&duringthetllueinterval
overWhicheachcslculaticm18made,theforwu’dvelocityis~
~~~cforces~~s- ~@~~~~-
blesa,$,and e.

-e 39Isa schematicplutshowinga@pi&irecordofthecon.
trolpositionti lift-coefficientresponsesfblloulngstepdefledxtons
oftheair- c~ surfaces.Atleastthreeccmplebepeaksofeach
disturbanceWereJ.leCeS~todb~ thetl?inl=8 _ titheOSOi&
lations . Wherethreeccm&stepeakswere* present,
~fipxw~=a natbeascertdnd
cmriedlittleweightintheanalysis.

m-curve slope●-severalmethda~ triedfor
lift-curveslupewithrespectto-e ofattadk.lb

sufficientaccu-
andsuchdata

~-
mostexpeditious

methodfoundwastomeaeurethe~ slopes~~~atat
aglvenMa&mmiber.~ewasexercisedinusingonlythe~rtionsof
theliftcoefficientandangle-of-attacktire-historycurveswherethe
slupescouldbeaccuratci&as~. !I!heeffetiofliftduetothe

.

fladbilt~ofthedevator=S eldndnatedbycorrecting

liftduetothedeviation oftheelevatordeflection$’rom
atan~ time.Thefollowbgreletlonexists:

~ .%4 - %+’%-1
4.1

%— forthedt
afixedval.ue

(6)
.

-%?
-listhe chmgein~ between~and

%
teksnuver

a relativelystmightportionoftheltfttimehistoryasindicatedin ‘

.

—.—.._ ,-. .._
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fU=e39~+.1~4.l=e ~ -Sh88Ma
averthessmetimeinterlml..!i!hevalueof “

%
usedInthisequation

wasa firstapprmimstion.Successiveapproulmattcmsandevaluations
wereUnuecessimy.

Afterthecorrected
possibletodeterminean

totheelemns,fromthe

Vaweof % was&temdmd#itWaethen
exactvaluefor

%
,thelift-curveslopedue

portionsofthetimehistorieswherethecon-
trolswere_ frauoneextremeposttiontotheother.Thefollowing
relationexists:

(7)

Thevaluesof a,5,andCL aretrimvalues as illustr@ed infigure>.
notincludedintheilhmtration,ituuuldbe

oMaiIledinthe-ime~er.

Theeqmtlonis

(%4.)- “
%*= p+- ‘ (8)

andthegpantitiesusedareagahillustratedinfigure>.

Thetrfm lift Coefficients, %* Correm- tothetrjm*-
vator deflectionsencounteredInthetestswereplottedagainstMach
nuniberinfigure3.3.m liftcoefficientsforelevatorsettings
betweenso werederivedbyuatnga linearrelatiaubetweenliftcoeffi-
cientandelevumdeflectionata mnstantMachmnliber.

l?ltchinK lKXMlltS.-!lbbasicuntrinmedpit&ing“~ coeffl-
Clent

% wascalculatedframtheconmmtlcmalnmnent-mefficient
eqyationsolved for % asfolluws:

% = -%- - (%)w- , (9)
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me aerl.vattms

the tests.The

foranelevator
tomlce~ a

%)=
.

(xl)

Thevaluesof C& wereobtainedasdescribedinthesecticmonlongi-
tudinalSt@J.it’y.

~ nmnezrts.-~e~ datawerereducedtocoefficientform
md plutteddirectlyagainstangleofattackforbothupendduwnele-
v=tordeflection to o~ an~te
usedtico@mdanwiththechsmgein 8
rectthevawesofthetatsJ-hingenKmeIrt
-Man asfo3JJx?s:

Wxllleof-% . Thisvaluewas
alletochangesinatocor- -
formnstamtelsvatordeflec-

(u?)

5mluesobtainedwerepluMedasfunctimsoft-aswerethevalues
ofSngIeofa*ck. A~uas derivedtoddminatetheeffeotof
phaselagb~ thetwovaridbles.Constmtvaluesof ~ werechosen
oneadhsideofsaoscill.aticmpeakandamanvalueofa corresponMng
tothscamtantvalueof ~wasaetelndnea-1-w - m@ig.
~,-m=-vdusof ~ andawereplattadforupalld
dam elevzdxxrtoaetemdlleC& allaq. Therewereindicationsthat.

thasevalues~ linearand% ,thehinge—mmentcoefficientatzero

ar@eofa~and devstor,was&teminedbydirectinter’polatiml.

CoxttroLeffectiveness.-Thevarlstionoftrimangleof~ with

k)-
eImatordemr=tion~ Wasfolmdbyuslingthelndhodillustrated

byfigure3gandthefollowingegystiau:. .

m
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(u)

Theresultlng valueswereusedto obtaintheccdrol-effectiveness
~= %yJ

TheSoluticmof
Stdbility which

a-iaconetantangl.eofdtackInthefollmingmanner:

~ ispresented
folJAYws●

+’448)&
trllll

(14)

inthe&Lscussiatloflcmgl.tuainal

14nlgLtuainalStabilia.- Eval.uf%bicnlsofthelcmgltuaind. Stfibility
~ o~ bySmalysis oftheShort-perloaQsclllatims~w
thedtmqptcontrolnmvmentsendshowninthemgle—of—si&wk~s in
thetimehistories.!Chesoluti.auof C& thestdiclongitudinalsta-
b~ty derlvst$lve,Isobtainedf’rcmthefollowingequattan8sderived
frcuntheShmltaneuuesol.utiomofthetwoequstlonaofmtion:

O-5)

Acorrecthuwasappl.iedto~ to eliminatetheeffectofelemn
flexibilityandthesecm&mdereffectsfrmthetwo-degreesqf—freedom
methodofanaJysiswereneglectedsincetheycmstitutedlessthan
0.5percentoftheresults.

Theperiodsoftheshort-periodOscillaticxlP ~ readfrmlthe
tilne-historycurvesandthethetodallptheamplitudestoOne-hlilf
-- ~ detembdbythepseofthefollmingfarimlla:

0.693P%/2 =2 lw(%/Ap)

whereAl and+ wet%successives@ltudes

(16)

dbveandbelowtheneu-
tral-S oftheangle-of-~ timehistoryatthepointwhereT1/2
wassought.

The_ities ~ andC& correctedfortheeffectofelemrtor
Oscillations,wereusedinconjunctionwiththemldelCenter-of-grwdty

.

. . .. -—.. -— ——- ---
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locationsto~ theaem@nmic-centerpositionsInpercentages
Ofthellleanaerdymdcchord.Reference5presentsthefollwlng
relation:

.

()4
Aem@mmic cexrk?=center ofgramL*— —

%
(17)

corrected
Theqmsuuic—longituunEtL-stdbili@datawerereducedtotheform

of ~~+~ bytbefollolrlngeqpationderivedfrcunthesinml.taneous

2V a
Sol.lmionofthe* eqpationsof-Ion:

(18)

--~tles Analysis

VmlatlonwithMachnmberofthecontrolpositionreqplred
trimW levelflight.-ThetrimllftCoefficient% ‘“w ‘y-- .
deflectionwasobtainedbyplottingvaluesof ~ correspaWngtoCon-
stantposittveandnegativeelevatordeflectionsagainstMa& nuiber,
andthe-lationswereconsi- tobe~inthe testrange.These ●

valuesweretakenfrcunthetrtitiUeSOf ~ and 5 obtatnedfromthe
time-historydataoftheflighttestsofthethreemodels.Thevalue
‘f k for8=oOwo~ byinterpolation.valuesof CL

forlevelfllghtforthefull-seal.~alrplamwereobtainedfrcmthe

+
.Ws

(%)relation(%)= Thedifferencebetween forstral@tand

levelflightandL for 8:00 Wasalvideaby
‘L

toglve8

(19)

Elevatorcontrolforcefortrimagainst= nuuiber.-A valueof
deflectionofelevatorpertichQfstickmmementforahlgb-speed
flgb%er-@peaiqplanewasassumedtobe
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Valuesofhingenmnsntwereobtalnadf’rcmthatime-historyplotsof
modelsforcorrespondhg~ valuesagainstMachmmiber.Thsmethod.
for
of

detemlningtrim linesotg
A5*

wasobtained
wastbesameaslnfigure~. TheValue

. (a-”=-~=(*
AtaglvenMachnmiberaml.ueofhhgenmuentuasreadat
vator-deflectionandcorrectadtothe-~ forstral@t
flightatsea-levelcondltlomby

‘%rinl=Hl-(%- %inl)($g)tti

(2Q)

a givenele-
Sllalevel

(Z?l)

Ifthehingemmwntfor ~. for6&aightandlevelflightatsea-
levelconditionsisJmmn,theeleva-controlforceisobtainadby

~_H5
57.3x (22)

wham H hasbeencorrectedtofullscale.

Changefinormal.accelerationfora correspondhgchlmKeillelmtor
deflection

()
A%
E *~ againstMachnlnlber.- mordertoobtalnthe

changeinnormalaccelerationfora corregpmdingchangeInelevator
deflectionagainstMachnuuiberthevaluesof ~ forlevelflightfor
variousMad nuntmrsweredividedby (eq.(8))sotlmtfor1 g

thereciprocalof
()
4a is
A8 tr~

.

(3)

.

.

. ..— .— -.. __ -—. ---
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-e inae nuxnent requiredfora changeh normalaccelertiion
of1g. Then,for+ inpounasperg,

%= (%.h(fi)titi%b
(24)

DynamicStsblll.ty.-ThedynsmicStxibllltyofthealrplaaeinterms
ofperiodandda@llgoftheShort-periodlongl.tudlnalosclIlatlonswas
dekmtmdfrcmtheoscild.ationsofthemdelcorrectedtofull-scale
conditions.

Themrrectionfactorsweredeterminedfrcmatwo-degree-of-freedcm
methodofanalysisofthenmtlonwhichassumesnochaugesinfo~
speeddlmblgtheOscillation.ThepexioaoftheosclJJationfm the
airplanelntermsofperlodforthemdelwasobtainedfrcunaratloof
the ~eqpatlonsforthetwoas

mlatimeto aamp
bythefolhwlxlg

(25)

to one-halfaqlitude fortheairplanewasdetermlnad
relationship:

(26)

ad equatedformodelandairplaneasfollows:

Flylng-gpalitlesspeclficatl(msreqpirethattheshort-period
Oscillatlms- toone-m -- In- Ccmpletecycle..Thls
valuewasdeterminedfrmtherelation

fortherepresentativefull-scalealrplme.

(28)

4

—



NACAm 3753 25

0

1.Mitchell,JesseL.,andPeck,RobertF.: ~ ~ Vane- Angle-
of-AttackIndicatorforUseattisonicad SupmonlcSpeeds.
NACATN3441,1955.(SupersedesNAMRMI@28a.)

2.(Mlruth,R.R.:Re@.mnmrtsforSatisfactoryFlylng@alltieBof
AIz@mes.H Rep.755,1943.(~ersedesW ACR,~. 1~1.)

3. wwrence,Leslie.F.,el;&m= w~-ml ~st~
tionofaTailless AlmraftatMachlhnbers
Frwl0.5to1.5.w RMA9KL6,u@.

4. Tucker,warIW!lA.,andNelson,RobertL.: TheoreticalCharacteritilcs
inSuPersdcFlowofTWOTypesofCatrkrol~S on Trh@b3r
Was. H&XRep.939,1949.(~e?XledeSllACA~’S 1600and1601
by!rllckerana!m1660bymckerandl@kon.)

5. Pbd.llips,William“H.:AppreciationsadPredictionofFl@ngQuallties.
HACARqP.927,1949.(~~SedeSl?ACA!l!H1670.)

.

.

.

. ---- ——. —.— — — —. —..-



I

1

R

-:
Ares(fueelllgeinolded),aft....,..... .
qpml,ft?. . . . . . . . .. o... . . . . . . . .
Aepectratio . . . . . . . . . . . . . . . . . . . .

-~c~fi,fi.**.*..* •*~*~
2ueepblM?kofledinged&e,neg.. ● . ...*...
Wiedr&L(J?e18tlve to mmn thldmem line),&g ., .
TqerreMo(Tlp&or@ootchord) .0 ...00..
Aizfoileection. . . . . . . . . . . . . . . . . . .

Pertiod.tml:
hw(outsideoff’lwlege), t3qf% . . . . . . . . . .
Eelglrt(outddecdfueel.ege),ft. . . . . . . . . .
AeQeotratlom.. a m . . . . . . . . . . . . . . . .
--of’ l-*,*.... . . . . ... .
T=P’$rum:ti&~ymd@oot@hcu’d) . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

mm:
‘mP*.*~*~**.*.*..*... •~..~.

[
he8E&tof mngeune, oIle)6qft. . . . . . . . .
qpnettrdlingd geoflfhg,cme)ft . . . . . . .
OhoYxl(mlgelinetotrdungedge),ft . . . . . . .

I FuU-stml.e
~t- 1

u 63(@06.;

@
31.33

J:%
60
0

m 63(&n6.;

P1.dxlflq .--—
0.2. %.3 E
1.* ---- EI
0.37 -----

g



.

I

I

!
I

i

1

i
I

TABIXII

wBxmr Mm BAIAuoERM!AKRMIDl!W1,2, M03AMD~

TAmJMmImuL4R-lmt3cammAmh

Ccmfiwation W?light, Ill ~,=’ ~mE-y==&~:A*c* y :W=’=J”’.
1

Roekstfuel iududeafnlwllels

Moaell law %X a.7 17.32
Mnb12 *.73 17.89
l&dd.3 W5.m 29.9 “ 24:; ti.76

MO&mlwithoutrocketfuel

M!ddl “I&J 29.2 ~ 16.63
MO&l 2 2::

181:23
17.1o

mde13 g:: moo 17.93

rllu-ausl.eCCdlgm8tion(nmulagrosswelgk!5)

mu. scale 11,600
I

27*3 @.o
I

27,263
millScmla 11,600 27-3 20.0 27,283

I



1

I

1

1

I

71-13.64

%

4$%
47

I

~ ‘-i-------- .

f’I
Top VhW

8 .

i

I

I

I

b

I

~ ; .7
4559

-lam’-
Frcmiview 1!

la
rocket+ovm’ed
illlIlc?let3m ~

.



1

*

1

i

.- ---------- -
.—- —..- ..-

—.
)

\



- m 3753

.

.

1
i
. .
.

● .

1’

-.-
f

Figure3.- BottomnviewOfmodel.

. . --

.

.

. . ..-



.-

NAcAm 3753

. .-. .

31

.

.

.

-— -- - —— -- --

I
1
1

--

●

.

L-57682-.

~—
,— —--— . -----

.-. -.. — - -.-—— — - -—-——



I

I

,

.
. i

I
. I. #

.

,“

..
,.

. .

d, 1’

.

‘ +–’ ‘“-

J.’

3/

● i

●

. .

,,
. .

of* mdel-boorter Oadbllldiono

I

I



MAcAm 3753 33

—---- -- -. ..- —.— —..
* I

(’ .
1’ # -- #

8 >PICK-UPosGluAluRs
.—. -

‘- ~

L’---lNTERN#oxATrERY

-.

i i;
\ -.—

,t

b

AIRPRESSURE i
SWITCHINGMOTOR I

——

>R SERVO “S\

LJ3!?==M0MEh–1

mgura6.a-Instrumntationarrangementon a typicalnuxlal.

.

.

. ---- ..__ ___
——— — --—



I

I

,

----

s--1..
I?i6ure 7.- Side viewof noilel.ebowimgdefle~ angle—cd?—atteck eting.

, 1



.

.

I500

z“500
“

E

E
o

E’500

g ‘6

“ -4m

17me from launching, t, sec

Figure 8.- Typical saction or a tim htiatorpat low 6uwmcualc spmtlEI.



Hinge moment, H, im!b

~ggog~~

Elevator deflection, 8, deg Accelemtlon, a@
Art)o N*

m+~o~~~k;h nurrtter, M



i
I

:+000 ~4

“: -1500 $! 6

Figrra 10. - Typical. sectionof a tim bltioryat~ uubaonlcspeedn.
.,



.

HAULm 3753

K

160

140

120

100

80

60

20

! Full-scaleairplaneat sea level~

&Fulkcale airplaneat 40,000 ft_

o-
J

Mach number,M

-

.

.

Figure11.- VeriationofReynoldsnudberwithMachnwiberforfllghtof
thefull-scaleairphleattwo
aata.

altitudes and forflightmodelieet .

-..



.

,

I

.

.10
Eu .

I I I
o
El

& .08
---

CL
I I

G I 1 I I I

Model I
Model 2
Unpublishedwind-

tunneldata m

05 .06 ---- - ----
J
: ~#1 .“-------
-iz W*

a
>
L

z .02
~
J

0.7’0 80 90
4 I I

1.00 Llo 1:20 130

Mach number, M

Figure12.-Ch8ngBin llftcodficientwithrespectto anglaofattackaaa fbuotlonof Machmmber.
.

u



.
E~
(33.
Eo.-
0.-w-‘&
~

30 A
(*’‘ I

20 -5●

.10 -3~-
-2-“ A-I ~-

— -

0 1-- * -..
0:0 * /-

-JO 1-‘,+ <.
2“‘

-20
4’
5~

(a) Canterofgravityat25percentM.A.C.

.30 I

20 —
E

-
E
a).- —-l -
v~ o
a) o
0
0

~ :10—2. — _.-
E- —3- — = v
~20 —4’ ‘-—

Illa m) L
Machnumber,

(b) Center ofgravityat20percentM.A.C.

Figure13.-VariationoftrimliftcoefficientwithMachnumberfor
variouselevatordeflectlonefortwo

..-..—— .... — .—

center-of-gravity

.——

locations.

.



b

.

. .
G
●

I

et
u

..

.

Ii

Fftching-momentcoefficient,C~o

i

I



!

-Jo
\

o Mode] ] +\
‘D8 ‘ e Model 3

A Theory \1\
m \
+%6

Iw\
& \
Q
CjCj*
o

-.02

.
o’

’06 ~

sT3M
$
Q

&
o 0

.
jl -.02— — — — — ~ L 73 *

.. .
v 1

=x?=”
0.70 .80 . .90 Loo Llo 1.20 1.:

“ Mach number,M

FIgura16.-VaxiatlonwithMachnudberofthe_ Inhinge-nmmmt
coefficientswithrespecttoangleofattackandelevator
deflection.

.

10



NACATN3753 43

Machnumber,M

Figure17.-Variationofthebasichinge-nmnent
anglaofattackandzeroelevatordeflection

.

coefficientatzero
withMachIluniber.

Figure18.-

..———

Machnumber,M “

.

- Inlift coefficientwithmapecttoelevator
deflectionasafunctionofMachnuuiber.

.

.

—.. - . —. ... —- - —.. -----



44 HAcAm 3753

-20
@Model I

-1.6

-L2 figat Q25M.Ac

:8

-.4

0

Mach number,M .

- ~=- - ~ titi @ ofat- withrespecttoelevator
deflectionasa functionofMachnmiber.

-Q20

‘.016
o

/ “/ \
C(JSatC220MAC.

: -012 —
Q \ F \ \

--008 \ ●

“E & af Q25htAC—

-004

070 80 90 Loo 110 1.20 L30
Machnumber,M

~w’= ==- - fi m--~t
ofattackwithrespecttoelevator
MachXnlllber.

coefficientata conetantangle
deflectionasa functionof

.

. .. ..— ..



45

.50
0 ModelI
HModel 2

40
GModel 3 ‘

\

:30 – Cg at Q25MAG— .
m
n“
~“ 20 .
.-
$L“ L–cgat CEO MAC.

.10 . “.
,

0.7U M 90 100 U3
I

120 130
Machnumber,M

Flgllre21.- Period Of the 6h0ti-p&iOalmgilmamd ‘oscillationasa
functionofMachnuniber.

-020 “

cg.at C120fIAAGq
-.016 k — -

g
\

b

u

/

A

1+Ill& -.012 .1 /1 I I ~1 I
n
‘u

“E ‘--

/ ~

F \
.

/

c g. d 0.25MJ@- -DCq ,
I I I 1. I

-~ ‘ . .

%s0 1

Loo 1.[0 L20 L30
Mach number,M

.

m z.-plt--~-cm~cient slope withrespecttoangleof
attackaaa functionofMachmmiber.

. . . . ..—
-—..— - —



46

100 I
80 I

Models2 and37
“60 I /-

/ 4 / x~ -
40 # A

Model 1~

20 I

I
90 100 1.10 LX) I*
Mach numberjM

IRLgura23.- Aarodynamlc-canterpositioninpercantofthamean
aaroaynelnicchordasa functionofMachnllllbar.

g .50.
m @Model I
!& ❑ Model 2
‘. .40 e Model 3

g I It___

G
~ 20
2
:JO I I / M Q/L-cg.atWOM.AC
z
1= I I I

90 .80 100 Uo 120
Mach number,M

Fip 24.-Variationwithkch ~ ofthetime~~ma forthe
6hort-pariodlongitudinalOscillatlomtodamptoOna-half
--=

.

.

.

.

.

,

-_ . . . . .



47

9

ca.-U
0
L

5
●

‘*
“E

-5

-4
C.g.at 0.20fvlAfi-?—

-3 / + . Y
\

-2 \
/ \\

-
-1 CXJat Q25MAC-‘

1.00 1.10 120 1:

.

0
Muchnumber,M. .

Figure25.-VarlationofthetotaldampingcoafflcieutwithMachnudber.

3 1+

5

4

/

/1 “
g. at Q20M.ffi.

2 cg.at C125MAG-

I

Om. Bo
Machnumber,M

Mgura26.- Variationwithl&chnuuiberoftheangleof
fortrimInlevelflightatdifferemtaltitudesand
~tim locations. ,

attackre~a
center-of-

.— -- -—-— —.—. — -.. -—



48’ HAcA!l?lv3753

‘8

‘6
h-

eg. at 0.20MAC
A.

-4 P i \
.

\
-2

0 “c g.at 0.25M.AG.A- I~ ‘L*a level
2.70 so 90 Loo 110 1.20 l.~

Mach number,M

Figure27.-VariationwithMachnuniberoftheelevatordeflection
requiredfortrimInlevelflightatdlffkmmtaltitudesand
center-of-gravitylocations. ..- . .

.8:

.

-6
.

-4 w--

-2 “
2

i’ ‘ ; $ :: ‘C!- $
0

. \

.80 .90 Loo Uo L20

.

Mach number,M-s ,. .
.,.

_ *o- v~tion fifi M _er of the elemtor dekletiion
requiredtoproduce=OUS nomalaccel-tionsatsealevel
withthecenterofgravi~at~ percentmeanaem@nmdcchord.

.

.

.

..____ ._



‘z

.
.-

“

,

Figure~.-
reqpired
withthe

Mach number,M
Jo

VarlatlonwithMachnunheroftheele’vatmdeflection
toproducevariousnormlaccelerationsat40,C%X)feet
centerofgravityat25percentman aemdpmdcchord.

. . . ..— -. —-— ——— —— ——--— .. .



-8
. .

-6

-2

,

-e 30.-
requlred
With the

W&lath withMachzuuberoftheelevatorW?leetion
to-ce ~low ~ accelerativeat eaelevel
cent-orgqavityat20p&~ ~CM.

# o 1 h



.

a

.

a

.

-16

\
-f4 ‘ WJt

%-12u
-

-E-lo
m“

..
i -8.- /Y

>.Zg,
z \

; -6 J
o..-

-4- ,g,

-2

/
0 ‘g .

.

,

0

Figure 31.-
reqy&eU
WLththe

VariationwithMachmniberofthe-elevatordeflectim-
toproducevariousnormalaccelerationat40,000feet
centerofgravityat20percentmean~c chard.

..- .—. ...— — —.— . — .——. . .-



.
= 6000
z c

4000
I -Cg d Q20MM

n
2000 I

lL-
E-.-~ 0 !
8

j
-2000 c q d a25MAG

z
“; -4000

Gg
a -60 % so .90

FigureB2.-VariationwithMachnmberoftheelevator-controlforce
requiredfortrimInlevelflightatsealevelfortwocenter-o$’-
gravitylocations.

6000

4000

0

-2000

400

Figure33.- Variationwi@Machnmber-oftheelevator-controlforce
requiredfortriminlevelflightat40,000feetfortwocenter-
of-gravitylocations.

.

.

.

.. ----..—- .— - --—-—- —.



EAcAm 3753

0 nnnn

53

.

.

Luuu

1600

1200

800

400
cg.at 0.25M.AG”A

o.
Mach number,M

Figure34.- Variationof

0
.

tk stick forcepargwithMachmmibarfor
center-of-gravity,locations.

-5

-3

-2

cg at 0.20MA.G,40000ft
-1 cg at 0.25M.AC,@OOOft=

o
...

. .

.

0
Mach number,M ~

Figure 35.- VarlationwithMachnmberofthenormalacceleration
sea x -t elevator deflection at different altl-s and
center-of-gravitylocations.

-----—-— .— —- -——— ---.



.

10 “8z
%. T- — - C.g.at 0.20M.A.C.,40,000 ft —

0

o

.8 “ \ ~ C.g.at0.25 M.A.C.,40,000 ft _

.6 ‘ \

.4.-

.2 .-
– C.g.at(120 M.A.C.,sealevel
‘.Cg.at 025 M.A.C.,sea level -

0 1- 1 I I I I I I I I I
..7 .8 .9 - Lo 1.1 1.2 1.3

.’ Machnumber,M

H.gure36.- %rlationwithMachnunher& thecy~es&g..d forthe
short-periodlongitudinaloscillationsoftheflllJ--scalaconfigu-
rationtodamptoone-halfaqlitudeat&ferentaltitudasand
cents-of-gravi@locetions.

—.

.. . . .

.—. — . ..—. ... . . . -- -.



i
1

1-

.

I

1

“

.,

.

.8
.

I I I I I I I I~g. at QZOM.A.C.,40,000ft )
cg at Ct25MA.C., 40,!300ft7 ; 1

.7 !. .T

.6

.5 ‘

4

.3 “
#

c.g. at Q20M.A.C.,sealevel
.2

.1 .

Mach number,M .-.
Figura37.- VtiationwithMachnunberofthat- re@iradforthe

6hort-periodlongitudinalOscillationofthefull-scaleconfigu-
rationtodamptoona-halfaurplitudaatdiffamntaltltudamand
centar-of-gravity locatlona.

. . .—. . —- .— —. — -— — .- —.- .- .--. —

..—. ..— -.. — ——- —.—— —-- _- —-



14 I I I I I I\ I
/-c. g. at 0.20MAC,

3
mft—

c g. at 0.25M.A.C, ,omft~
1.2

/\ .

1.0

.8 . .

.6 ~ ;

4 ~
-

/ \ ‘
.2 L-c.g. at 0.20M.A;C.,sea level~

c.g=at Q25.M.A.C.,sea IevelJ ,

--
07’0.80 so.-1.001.101.20 Lx)

Mach number,M -
Flgura38.- Varlati6nwithMachnuniber”ofthepariodoftheshort-

perlodlongitudinaloscillationsforthsfull-8caleconflguratla
atdlfferantsltitudesandcentar-of-.~titylocations.

.

.

.

“

----- . ----- ..-— _ — -—.—- -—. _— --- - -—... -



I
i

I
!

I

i
I

I

i
!

1!

#

.— . . —-— -

-%
\

nstant M

.

N

#

Time fram launching, t, sec

~gura 39.- Typical.seotlcmoftlmshistoryaausedfordataaaalyaia.

I
I
I

I

I


